The inclusion of isolated soy protein in milk replacer diets for calves and neonatal pigs inhibits development of intestinal mucosal cells. Simultaneous administration of putrescine partially overcomes this effect. We therefore conducted experiments to determine the potential for dietary putrescine to overcome the toxicity of raw soybeans in chicks. In the first experiment, week-old chicks were fed either an isolated soy protein-based control diet or an isoenergetic and isonitrogenous diet containing 52% raw, ground soybeans for 14 d. The feeding of raw soybeans depressed ( P < .001) growth and feed consumption, caused enlargement ( P < .001) of the duodenum and pancreas, depressed ( P < .001) activities of polyamine synthetic enzymes in the duodenum, and reduced ( P < .01) duodenal tissue concentrations of putrescine. In the second experiment, the diet containing raw soybeans was fed with and without .2, .3, and .4% supplemental putrescine. The feeding of supplemental putrescine largely overcame the inhibition of growth due to the feeding of raw soybeans and increased intestinal putrescine concentrations. Putrescine supplementation had no effect, however, on pancreatic and intestinal enlargement in birds fed raw soybeans and tended to depress the activity of polyamine synthetic enzymes. The beneficial effects of putrescine supplementation were confirmed in the third experiment when up to 1.0% supplemental putrescine was fed. We conclude that the toxicity of raw soybeans to chicks can be overcome by feeding putrescine. These effects are likely due to improved nutrient uptake by overcoming the adverse effects of lectins in the intestinal tract and are not likely due to alleviation of the pancreatic enlargement caused by protease inhibitors.
Introduction
The mammalian polyamines putrescine, spermidine, and spermine are biogenic amines that are thought to be important promoters of cell division, protein synthesis, and tissue growth (Seiler, 1992) . Although all mammalian cells can synthesize polyamines, it has been proposed that polyamines of dietary origin can also affect cell growth and maintenance of organismal health (Bardocz et al., 1993 . Chicks fed purified diets supplemented with up to .4% putrescine grew more quickly than controls (Smith, 1990 ), but higher levels were toxic and resulted in reduced growth rates. Spermidine (Smith et al., 1996) and spermine (Sousadias and Smith, 1995) are increasingly cationic and more toxic than putrescine. The feeding of 1.0% spermine was lethal to some chicks.
The substitution of isolated soy protein for milk protein in milk replacer diets for preruminant calves (Grant et al., 1989) and neonatal pigs (Grant et al., 1990a) has been shown to reduce villus height in the intestinal tract and reduce polyamine concentrations. Supplementation of the milk replacers with putrescine or ethylamine, a putrescine analogue, partly overcame the reduction in villus height due to consumption of soy protein. Raw soybeans are rich in lectins, however, which can promote intestinal cell growth and intestinal polyamine uptake in vivo (Bardocz et al., 1990) .
Experiments were therefore conducted to determine the effect of feeding raw soybeans on polyamine metabolism in chicks and to determine the potential of dietary putrescine to overcome the growth-depressing effect of raw soybeans. 
Materials and Methods
Experimental Animals and Design. In all experiments, day-old leghorn cockerel chicks (Shaver Poultry Breeding Farms, Cambridge, ON) were fed a commercial chick starter diet for about 1 wk after hatching. Birds were housed in electrically heated, thermostatically controlled cages with raised wire floors, and they had free access to feed and water. In all experiments, growth and feed consumption were measured for 14 d. In the first experiment, chicks were fed either a control diet containing 25% isolated soybean protein or a diet containing 52% ground, unextracted, unheated (raw) soybeans (Table 1) . The diets were formulated to be isonitrogenous (21.4% protein) and isoenergetic (3,030 kcal/kg). Sixty chicks were used, with 30 chicks (six pens of five birds) per diet. In the second experiment, five diets were fed: the control diet, the raw soybean diet, and the raw soybean diet supplemented with .2, .3, and .4% putrescine. One hundred chicks were fed, with four pens of five birds per diet. Putrescine (Sigma Chemical, St. Louis, MO) was supplemented at the expense of cellulose. In the third experiment, a total of 120 birds were fed the control diet, the diet containing raw soybeans and the raw soybean diet supplemented with .4, .6, .8 and 1.0% putrescine (four pens of five birds per pen). At the end of each experiment, chicks in a fed state were killed by instantaneous cervical dislocation. In the first experiment, liver, kidney, pancreas, and duodenum were excised, weighed (pancreas and duodenum), and frozen in liquid nitrogen until analyzed for enzyme activities, polyamines, and their metabolites. Tissues excised in the second and third experiments included pancreas, duodenum and jejunum + ileum. Intestinal tissues were flushed with physiological saline and blotted dry previous to weighing. The animal care and use protocol was approved by the University of Guelph Animal Care Committee.
Soybeans. The raw soybeans used were cultivar Maple Glen (First Line Seeds Ltd., Guelph, ON), which contained (by analysis) 20.7% oil and 41.2% protein.
Enzyme Assays. Activities of ornithine decarboxylase ( ODC, EC 4.2.2.17) and S-adenosylmethionine decarboxylase ( AdoMetDC, EC 4.1.1.50) were determined according to the method of Eloranta et al. (1976) . Values were converted to specific activities using the procedure of Lowry et al. (1951) for determination of soluble protein.
Analyses of Polyamines and Metabolites.
Tissue concentrations of polyamines, their precursor amino acids, and their metabolites were determined as Nheptafluorobutyrylisobutyl derivatives (Lindqvist and Mä enpä ä , 1982) using the electron capture detection gas-liquid chromatographic technique of Bedford et al. (1987) as modified by Smith (1990) .
Statistical Analyses. In the first experiment, data were analyzed by analysis of variance appropriate for completely randomized design (Steel and Torrie, 1980) . In the second and third experiments, data were analyzed by analysis of covariance with initial body weight as the covariant. Comparisons were made between means of treatments containing raw soybeans using orthogonal polynomial contrasts (Ostle and Mensing, 1975; SAS, 1982) . Differences between means were considered significant when P < .05.
Results
Experiment 1. The feeding of raw soybeans resulted in reduced growth, feed consumption, and feed efficiency compared with feeding chicks the isolated soy protein control diet ( P < .001) ( Table 2 ). These effects were accompanied by enlargement of the duodenum and pancreas relative to body weight ( P < .001).
The duodenum was the tissue in which activities of ODC and AdoMetDC were most affected by the feeding of raw soybeans (Table 3 ). The activities of both enzymes fell sharply compared with activities in birds fed the isolated soy protein control diet ( P < .001). Effects in liver, kidney, pancreas, and muscle were mainly not significant ( P > .05) although AdoMetDC activity did increase in livers of chicks fed raw soybeans ( P < .05).
The effect of diet on concentrations of polyamines, their precursor amino acids, and metabolites is given in Table 4 . As with the activities of polyamine synthetic enzymes, the duodenum was the tissue most affected by diet. The feeding of raw soybeans reduced duodenal concentrations of ornithine and putrescine ( P < .01). Spermidine concentrations, however, increased ( P < .01), and this was also seen in pancreas ( P < .05). The only other observed effects of the feeding of this diet were decreased concentrations of spermidine in liver ( P < .05) and decreased N 1 -acetylspermine in kidney ( P < .05).
Experiment 2. The feeding of raw soybeans again reduced growth, feed consumption and feed efficiency (Table 5 ). There was a linear increase in growth, however, when birds were fed raw soybeans supplemented with putrescine ( P < .001), although control levels were not attained. Feed consumption ( P < .001) and feed efficiencies ( P < .01) also rose. Putrescine supplementation did not overcome the enlargement of pancreas, duodenum, or jejunum + ileum, however, that was seen when raw soybeans were fed.
Ornithine decarboxylase activities in the duodenum and jejunum + ileum tended to be depressed in birds fed raw soybeans regardless of putrescine supplementation (Table 6 ). Ornithine decarboxylase activities in the pancreas were unaffected by diet.
The effect of diet on tissue concentrations of polyamines, their precursor amino acids, and their metabolites is given in Table 7 . Supplementation of raw soybean diets with putrescine resulted in linear increases in putrescine concentrations in duodenum, jejunum + ileum, and pancreas. Spermidine also accumulated linearly in jejunum + ileum, and there was a trend ( P = .08) towards increasing spermine.
Experiment 3. There were linear and quadratic increases in growth ( P < .001) and feed efficiencies ( P < .001 and P < .01, respectively) when raw soybeans were fed with increasing supplemental putrescine (Table 8) . Supplemental putrescine once again did not overcome organ enlargement caused by the feeding of raw soybeans. There was a linear increase in the relative weights of jejunum + ileum with supplemental dietary putrescine. 
Discussion
The feeding of diets containing raw soybeans proved toxic to chicks. The reduced growth and enlarged pancreas and digestive tract when raw soybeans were fed are typical of literature reports of feeding raw soybeans to chicks (Saxena et al., 1963) and rats . Although both the pancreas and the duodenum underwent enlargement when raw soybeans were fed, the effect of this diet on tissue polyamine metabolism was not constant.
Polyamine synthesis in the duodenum of chicks fed raw soybeans was much lower than for controls, as indicated by reduced ODC and AdoMetDC activities. No other tissue was affected in this manner, and AdoMetDC activity was actually higher in the liver. Ornithine decarboxylase catalyzes the synthesis of putrescine from ornithine. S-Adenosylmethionine decarboxylase catalyzes the decarboxylation of Sadenosylmethionine, and this results in condensation of putrescine with an aminopropyl moiety to form spermidine (Seiler, 1992) . Condensation with a second aminopropyl group leads to spermine formation.
The decline in duodenal ODC activity in birds fed raw soybeans was likely the cause of reduced putrescine concentrations in this tissue. Putrescine was unlikely to be serving as substrate for spermidine synthesis because AdoMetDC activity was also reduced. The increased spermidine concentrations seen may have resulted from increased uptake from the intestinal lumen (Sessa et al., 1995) .
The feeding of raw soybeans had a different effect on polyamine metabolism in the pancreas. Activities of polyamine synthetic enzymes were not affected by diet, but spermidine concentrations were higher than for controls, as was seen in the duodenum. Although both duodenum and pancreas underwent enlargement when raw soybeans were fed, the cause and nature of the enlargement were likely different. The function of intestinal cells seems to be impaired by the feeding of soy protein (Grant et al., 1989 (Grant et al., , 1990a , and this may be due to the presence of residual lectins. Pancreatic cells are hyperactive and undergo hypertrophy and hyperplasia when raw soybeans are fed . It has not been possible to link specific anabolic properties with individual polyamines, but the reduction in duodenal putrescine concentration may have resulted in reduced nutrient absorptive capacity in birds fed raw soybeans. Maintenance of putrescine concentration coupled with increased spermidine concentrations may have resulted in increased exocrine pancreatic activity, which is a typical response to the feeding of raw legumes containing protease inhibitors.
The relative lack of effect of diet on polyamine metabolism in liver, kidney, and muscle would indicate that the intestinal tract is the tissue most adversely affected by the feeding of raw soybeans and would therefore be the tissue most likely to respond to exogenous dietary polyamines.
The ability of exogenous dietary putrescine to partially overcome the growth-depressing effect of raw soybeans is most likely an indirect phenomenon. Dietary putrescine supplements did not prevent the Although it has been suggested that putrescine may be an essential nutrient for chicks (Anonymous, 1992) , it is more likely that exogenous putrescine is promoting intestinal development and the ability to absorb nutrients by overcoming the effects of lectins (Grant et al., 1989 (Grant et al., , 1990a . The increase in the efficiency of feed utilization when putrescine was added to the diet containing raw soybeans supports this concept. Increased nutrient absorption could therefore compensate for nutrient depletion arising from the action of lectins on the intestinal wall and pancreatic hyperactivity and increased endogenous losses of proteolytic enzymes caused by protease inhibitors. The levels of putrescine supplementation were based on the findings of Smith (1990) that putrescine at a level greater than .4% was toxic to chicks and leads to putrescine accumulation in peripheral tissues. It is clear from the third experiment that the simultaneous feeding of raw soybeans and supplemental putrescine reduces the toxicity of exogenous putrescine. Most of the exogenous putrescine probably remained in the intestinal tract without transfer to peripheral tissues, because no negative effect of putrescine supplementation was seen on growth. The accumulation of putrescine in jejunum + ileum was enough to promote spermidine synthesis. It is not clear why putrescine supplementation caused a more complete restoration of growth in the third experiment than was seen in the second experiment, although the initial body weights were somewhat higher in the latter.
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Pancreatic ODC activity was very high compared with activity in intestinal tissues. This is likely a reflection of the rapid growth of the pancreas, especially when raw soybeans were fed. The trend towards reduced pancreatic ODC activity when putrescine supplements were fed again likely reflects feedback inhibition due to putrescine accumulation. Grant et al. (1990b) reported increases in pancreatic polyamine concentrations when rats were fed diets containing raw soybeans. Cholecystokinin ( CCK) mediates the feedback regulation of pancreatic secretion (Liener, 1995) . The increase in ODC activity and polyamine concentrations as well as the trophic variables (DNA polymerase, protein, pancreatic weight) are mediated by endogenous CCK release and are specific receptor-bound effects on the pancreas (Loser et al., 1989) . Feeding rats camostate, a synthetic protease inhibitor, induced endogenous CCK release and also caused increased pancreatic ODC activity and increased pancreatic concentrations of putrescine and spermidine. Pretreatment with a CCK receptor antagonist resulted in complete inhibition of ODC activity and prevention of putrescine accumulation. Inhibition of pancreatic ODC activity and the activity of the polyamine interconversion pathway did not prevent a camostate-induced increase in pancreatic spermidine concentration (Loser and Folsch, 1993) .
Putrescine and spermidine seem to be important for the regulation of pancreatic growth. It is not clear why there was an increase in spermidine concentration, but not in putrescine concentration (unless supplemented), when raw soybeans were fed in the current study. The activity of diamine oxidase, a enzyme that catalyzes the degradation of putrescine, is very low in the pancreas and does not play a role in the intracellular regulation of pancreatic polyamine metabolism (Seiler, 1992) .
Implications
The growth-inhibiting effect of raw soybeans in chicks can be overcome by the feeding of supplemental putrescine. The beneficial effects of such supplementation seem to be indirect and are likely due to increased nutrient absorption resulting from reversal of the adverse effects of lectins. Supplementing diets with putrescine-rich feedstuffs could allow the feeding of unheated soybeans when economically advantageous.
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